compared with urine sediment examination and diverse culture techniques.
test for further studies by complete culture techniques, the luminescence assay of microbial ATP can improve the rapid diagnosis of urinary tract infections.
Several techniques have been developed for the rapid diagnosis of urinary tract infections. 1 2 4 5-810-13 16 18 Some of them do not require growth of microorganisms! 2 4 810-13 16 and the results may then be Material and methods ready within a few hours of sampling. However, all the techniques have their limitations as an ideal screening method, because the analytical procedure does not reduce the workload of the laboratory, because its specificity and sensitivity are not generally acceptable, or because the equipment is expensive and the reagents are not available in easily applicable form. One of the promising chemical approaches is the application of firefly luciferase assay of adenosine triphosphate (ATP) for screening of bacteriuria.' 81115 A major problem using this assay has been non-bacterial ATP, which is present in all urine specimens and produces false-positive results URINE SEDIMENT EXAMINATION unless it is completely destroyed under conditions Ten millilitres of fixed urine was spun for 10 minutes that do not affect bacterial ATP.316 Because of the at a force of 500 g and the unstained sediment was simple performance and sensitivity of the ATP examined under a microscope. The number of assay, much attention has been given to the develop-leucocytes and bacteria were recorded per highment of reagents in order to improve the specificity power field. A finding of 0--4 leucocytes per field was of the assay. considered to be normal, 5-10 to be positive and This study was carried out to investigate the suspect, and II or more to be a clearly pathological application ofa new commercially available luciferin-finding. In bacterial recording, the finding was conluciferase assay of ATP intended for rapid detection sidered to be normal when no bacteria were seen in of bacteriuria in clinical specimens. This assay was the sediment, positive and suspect when moderate 416 amounts of bacteria were found, and clearly pathological when a large number of bacteria were seen per high-power field. Erythrocytes and epithelial cells were also recorded but the results were used only when normal urine specimens were selected for the determination of the reference range for the luminescence assay of microbial ATP.
URINE CULTURES
Clean-voided urine specimens were inoculated onto dipslides (Uricult", Orion Diagnostica, Helsinki, Finland) coated with CLEAD and MacConkey agars and incubated overnight at 37°C. The number of bacteria per millilitre of urine was determined by comparing the dipslide culture after incubation with the chart provided by the manufacturer of the slides. The amount of bacterial growth was categorised into three groups. A growth of up to 10:1 colony forming units (CFU) was considered to be a normal finding. Bacterial growth of between 10:1 and 10 6 CFU was also considered not to indicate urinary tract infection in this study; because it has been shown that in symptomatic urinary tract infections bacterial content may be less than 10 6 bacteria per ml urine,14 this density of growth is reported as a separate group. A growth of 10 6 CFU or more was considered to indicate significant bacteriuria and urinary' tract infection except when the strain was identified as one occurring exclusively as a contaminant or when a mixed bacterial growth was present. Quantitative plate cultures were performed as follows in brief: using pipettes (Finnpipette, Labsystems, Helsinki, Finland) and sterile tips, 50 fl.l urine specimens were streaked on three different culture medium plates. Pre-reduced chocolate agar plates were incubated anaerobically (Gasf'ak", Anaerobic Systems, BBL, Cockeysville, Md, USA) for 48 hours at 37°C. Blood agar plates were incubated in a 5% CO 2 atmosphere at 37°C overnight. Before inoculating on lactose agar plates, urine specimens were diluted 1/1000 with sterile water, and incubation was then performed overnight at 37°C. Bacterial colonies were counted and colony forming units per ml urine were calculated. Bacterial growth was categorised into three groups as in the dipslide cultures. Further bacterial identifications were performed using normal routine procedures (API 10 or 20 E, coagulase test, Novobiocin resistance, haemolysis on blood agar, co-agglutination, Latex-agglutination, colony morphology, antibiogram, Gram-staining, anaerobe API).
SCREENING OF BACTERIURIA BY THE

ATP ASSAY
Chemical determination of bacteriuria was performed using the Lumac bacteriuria test and a Biocounter M 2000 (Lumac BY, Schaesberg, The Netherlands). The following manual procedure was used: urine (500 fl.1) was mixed with an equal amount of nucleotide releasing reagent for somatic cells (NRS R ) and with 20 fl.1 of ATP-ase (Somase'P') and allowed to stand at room temperature for 45 minutes to destroy the ATP released. A 50 fl.1 aliquot from the mixture was then pipet ted into another cuvette containing 100 fl.1 of nucleotide releasing reagent for microbial cells (NRB R ) . The cuvette was shaken for a few seconds and placed into the counting chamber of the Biocounter. Without delay the measurement of bacterial ATP was started by adding luciferin-Iuciferase reagent (Lurnit" PM) into the cuvette through the dispensing inlet of the Biocounter. Luminescence of bacterial ATP was expressed as relative light units (RLU) accumulated over a lO-second integration interval.
Results
The reference range for the luminescence assay of microbial ATP was determined from urine specimens which fulfilled the following criteria: the spun urine sediment contained no bacteria and the numbers of leucocytes, erythrocytes, and epithelial cells were each less than 5 per high-power microscopic field. The bacterial growth of the specimens on dipslide and plate cultures did not exceed 10:1 CFU. A total of 1247 urine specimens fulfilled these criteria. The upper reference limit chosen was 500 RLU, and 95·4% of the normal urine specimens belonged to this category. The frequency distribution of RLU values of the normal specimens is shown in the Figure. In Tables 1 to 4 assay of microbial ATP are cross-compared with the results of the plate cultures that were used as the reference. Samples having mixed bacterial growth (14% of all specimens) were excluded from the cross-comparisons. In addition to the number of Table 3 ) and 11 %were positive (>500 RLU) in the luminescence assay of microbial ATP (calculated from the data in Table 4 ). Urine specimens that exceeded the upper reference limit (500 RLU) in the luminescence assay were divided into two groups in order to investigate more closely the importance of the quantitative ATP measurements. In the whole material the RLU readings were between 16 and 787987. Table 4 shows that if a urine specimen gave a luminescence value above 9855 RLU, it contained :::0: 10 5 bacterial rnJ (CFU) with a 92 %probability but there was only a 27 % probability of this many bacteria if the RLU values were between 501 and 9855.
Of the plate culture-positive specimens (:::0: 10 5 CFU), which were considered to indicate urinary tract infection, leucocytes were negative in 34~'-;; (Table 1) , spun sediment bacteria were negative in 14 % (Table 2) , the dipslide culture test was negative in 16% (Table 3) , and the luminescence assay of ATP was negative in 7% (Table 4 ).
In Tables 5 to 7 , leucocytes and bacteria in the urine sediment and the dipslide culture test are cross-compared with the ATP assay. When compared with Tables 1 to 3, plate cultures have been replaced by the ATP assay results. When Tables 1  and 5 , 2 and 6, and 3 and 7 are cross-compared, the following observations can be made. In the plate culture group with N $ 10 3 CFU, and in the luminescence assay with $ 500 RLU, the percentage distributions of leucocytes (Tables 1 and 5 ) and bacteria (Tables 2 and 6) in the spun urine sediments, and growth of microorganisms on dipslide, are very (5) (64) similar. In the lower pathological range of RLU values, 501-9855 RLU, and in the plate culture group with 10 8 < N < 10 6 CFU, the percentage distributions of the other parameters are also relatively similar but pathological findings are more common in the former group. In the higher pathological range ofRLU values, >9855 RLU, and in the plate culture group, ::::: 10 5 CFU, conventionally considered as pathological, the same percentage distribution findings prevail.
In these cross-comparisons, therefore, the specimens with plate culture counts of 10 3 < N < 10 6
CFU form an intermediary area between 'normal' ($10 3 CFU) and 'pathological' (:::::10 6 CFU) groups in relation to the other investigations performed. However, more than half of the other test results were always completely normal in this group.
Discussion
The object of this investigation was to study the applicability of a new firefly luciferase assay of microbial ATP for the rapid screening of bacteriuria. It was compared with examination of the urine sediment and a common dipslide test, using more complete plate cultures as the reference. Comparisons of bacterial identifications with corresponding luminescence assays showed that the latter method did not discriminate any of the species. Generally, specimens forming > 10 6 CFU have been considered to indicate urinary tract infection.t However, on the basis of plate culture results alone it is difficult definitely to classify the specimens into those indicating and those excluding urinary tract infection. It has been shown that, in many symptomatic infections, the urinary content of bacteria does not necessarily reach the limit of 10 6 bacteria per ml of urine. l4 The reference range for the luminescence assay in this study was determined by assigning approximately 95 % of the population considered normal to this group. In the plate culture group with $ 10 3 CFU the luminescence assay gave positive results in 7·2% of this group whereas in the plate culture group with 10 3 < N < 10 6 CFU the corresponding percentage exceeded 40. Of the plate culturepositive specimens, 93 % were also positive in the luminescence assay, and the number of 'false' negatives was less than in the other tests studied. It is difficult to establish a single reason for the higher frequency of positive findings in the luminescence assay compared with the culture techniques. This indicates that careful sample processing and critical evaluation of the results, taking into account the symptoms and eventual antimicrobial therapy of the patients, are important factors to consider in order to avoid misleading interpretations in all urinary investigations. The higher frequency of positive results obtained in the luminescence assay might have been caused partly by antibiotic effects on urinary bacteria, which would inhibit bacterial growth in culture tests. If this suggestion is true, one application of the ATP assay might be in the follow-up of the effectiveness of antimicrobial therapy in patients with urinary infection. The presence of leuco::ytes as a cause of false-positive results does not seem to be very likely, because in cross-comparisons leucocytes showed nearly the same relative distribution within the normal culture findings ($10 3 CFU) ( Table 1) as within the normal RLU values of the luminescence assay «501 RLU) ( Table 5 ). If leucocytes could increase the RLU values in the luminescence assay, the relative number of samples with a high leucocyte count ( ::::: 11 leucocytes per high-power field) would be expected to be lower within the group of normal RLU values than within the normal plate culture group. Because of the high sensitivity of the ATP assay, very slight contamination by ATP, for example, from finger tips, may cause false-positive results, which was prevented by exercising maximal care to exclude this source of error.
Only 53 % of the luminescence-positive specimens (RLU :::::500) showed growth equal to or more than lOS bacteria per ml urine, the limit widely applied in the indication of urinary tract infection (Table 4 ).
Using higher RLU values as the cut-off point, the probability of a 'true' bacterial infection increased, being on average 92 % in the specimens exceeding 9855 RLU in the luminescence assay. When the luminescence assay of bacterial ATP is used as a screening procedure for the detection of significant bacteriuria, all the positive specimens should be further investigated by culture techniques, detecting also gonococci, anaerobic strains, and chlamydia, but the decision to initiate immediate antimicrobial therapy could be made, depending on the symptoms of the patient and the quantitative result of the ATP assay.
As shown in Tables 1 and 2, the numbers of leucocytes and bacteria in the spun urine sediments were relatively unspecific and insensitive in revealing bacterial urinary tract infection, and the rapid luminescence assay of microbial ATP clearly improved the sensitivity and specificity of the early diagnostic step (Table 4 ). The sensitivity in the ATP assay was also higher but the specificity possibly lower than in the dipslide culture test used (Tables 3  and 4 ). These results further indicate that no absolute criteria can be applied to laboratory tests for allocation of patients into groups having and not having urinary tract infection. Particularly in the borderline area of the test results correct diagnosis is uncertain. One of the major benefits of the luminescence assay of microbial ATP studied is that only one hour is needed to eliminate the great majority of the negative urine specimens from further analytical work. In addition, it may speed up the initiation of more elaborate culture techniques. When used as a screening test the luminescent ATP assay will therefore reduce the laboratory work and improve the rapid diagnosis of urinary tract infections.
